Objective-To extend development of a pediatric inflammatory bowel disease (IBD) healthrelated quality of life (HRQoL) measure by determining its factor structure and associations of factors with generic HRQoL measures and clinical variables.
With improvements in chronic illness care and the shift of therapeutic research from improving survival to improving long-term outcomes, investigators have recognized the importance of developing broader measures of child and adolescent health status, and providers have wanted to understand the factors that have an impact on adaptation to chronic illness (1) . Health-related (HR) quality of life (QoL) describes assessments that complement usual clinical measures, generally assessing patients' views of their own health. Quality of life generally reflects a personal assessment of broad areas of life status and experiences. HRQoL measures include both generic health-related measures (eg, physical stamina affected by chronic illness) and condition-specific measures (eg, gastrointestinal symptoms among adolescents with inflammatory bowel disease [IBD] ). HRQoL measures have a role in the monitoring of changes in conditions and the effects of new treatments.
More work has examined QoL among adults with IBD than among children and adolescents, although 20% to 25% of IBD manifests during childhood (2, 3) . Adults with IBD rate their overall well-being as good and indicate that the condition has not significantly disrupted their work or personal lives (4, 5) . Adults with Crohn disease (CD) generally report worse HRQoL than those with ulcerative colitis (UC), with HRQoL also worse with active disease than with disease in remission (6) . Previous pediatric studies have focused mainly on psychosocial factors as they relate to illness among children and adolescents with IBD, and have yielded inconsistent findings depending on the comparison group (7) (8) (9) . Studies comparing children and adolescents with IBD with control populations have, as with other chronic conditions, indicated higher rates of psychological disturbance, including especially anxiety and depression, and problems in social functioning and self-esteem (10) (11) (12) . Ferry's analytical framework for the measurement of HRQoL in children and adolescents with IBD focused on similar domains as those for generic measures: physical/occupational functioning, psychological state, social interaction, and physical (somatic) symptoms (13) . Collaboration among investigators in Canada and the Netherlands and elsewhere has led to the development of a condition-specific measure of HRQoL for children and adolescents with IBD, the Impact Questionnaire. Its topics developed initially from interviews with children and adolescents ages 8 to 17 years with IBD (14) , followed by reduction in items through ratings of importance by respondents with IBD, leading initially to a 33-item measure, to which 2 items were added to enhance postulated domains. These investigators developed a consensus postulating 6 domains: bowel symptoms, systemic symptoms, social/ functional concerns, body image, test and treatment concerns, and emotional concerns. No analytical process, such as factor analysis, was used in constructing the domains or assigning items. The measure indicates differences by condition, with those with CD having greater concerns about body image, fatigue, and interference with usual daily activities and those with UC raising more concerns about bowel symptoms and noting a broader array of emotional responses (14) . This instrument has demonstrated good face validity (15) , but has performed little further examination of the domains or comparison with other measures of HRQoL, other than a study of 42 Dutch children with IBD showing correlations between 0.45 and 0.84 for the domain scales with a generic HRQoL measure (16) and another study correlating the emotional domain with related domains on the Piers-Harris and the Child Health Questionnaire (17) .
The goals of this study, involving a consortium of pediatric IBD centers, were to extend evaluation of the Impact Questionnaire in a larger population and through factor analysis. We expected that confirmatory factor analysis would support the original 6 domains proposed by the developers of the measure. In addition, we compared the IBD-specific QoL findings with those on a more generic HRQoL measure and with measures of severity of IBD, as further validation of the measure. We hypothesized that the IBD measure would correlate well with broader measures of HRQoL. Furthermore, we expected that children and adolescents with more severe or active disease would report lower QoL. Based on previous research, we also expected that subjects with CD would report worse HRQoL.
PATIENTS AND METHODS
This study sampled children diagnosed with UC or CD followed at 1 of 6 pediatric gastroenterology centers: Massachusetts General Hospital for Children; Emory University and Children's Healthcare of Atlanta; University of Chicago Comer Children's Hospital; University of California, San Francisco; Children's Hospital of Philadelphia; and Baylor College of Medicine. Children were eligible for the study if they were between the ages of 8 and 17 years (up to 18th birthday); diagnosed with UC or CD more than 6 months before the study; had no other non-IBD related chronic conditions; and had no major limitation in cognitive ability that would affect their ability to respond to the survey instruments. We used 2 methods of sampling. First, these centers had enrolled approximately 1800 children with IBD in a previously described consortium database (18) . Parents of these children had agreed to participate in research across the sites when entered into the database. We used a table of random numbers to select a sample of those patients with active records in the database who met the study entry criteria, with the intent of having each site contribute subjects according to the size of the practice at that site. Iffamilies had more than 1 child with IBD, then we selected 1 child at random. Second, we prospectively identified additional patients with IBD who were scheduled for clinical visits in 2 sites where the database-identified subjects yielded too few subjects from the consortium database, and site clinicians approached these subjects for participation on these visits.
Parents of eligible children either received a letter, along with survey materials, mailed from their attending gastroenterologist, describing the study and requesting participation; or received the same letter during a routine clinical visit (as a handout) from the center director and clinical coordinator. Staff contacted nonrespondents of mailed materials by telephone after 3 weeks. Informed consent was obtained from each parent and child and adolescent participants gave informed assent. This study had institutional review board approval from each collaborating site.
MEASURES

IBD-specific Quality of Life
We used the Impact-II Questionnaire developed by Griffiths, Otley, et al (14, 17) to examine aspects of QoL in IBD-specific areas in children 8 years and older. As noted above, this measure consists of 35 items, grouped into 6 domains. The Impact Questionnaire has high internal reliability for the measure in general (0.96) (17) and for the 6 domains (Cronbach α >0.70 for all but body image and treatment-related concerns) (19) . The Impact-II uses a visual analog scale for all answers, in which each question is oriented with higher scores to the right. Items are scored by the number of centimeters over the total length of the line; higher scores indicate better HRQoL.
Generic Quality of Life
We used the Pediatric Quality of Life Inventory (PedsQL) developed by Varni et al (20) as the measure of generic QoL. This measure captures both parent and child perspectives on child HRQoL, takes less than 5 minutes to complete, comes in English and Spanish versions, and demonstrates high reliability and validity. Both child self-report and parent proxy report come in 3 forms, based on patient age (5-7, 8-12, and 13-18 years) to account for developmental differences in responses. We used only the last 2 child and youth forms in this study. The PedsQL provides information on the physical, emotional, social, and schoolrelated aspects of HRQoL. Items generally ask how much of a problem each item has been during the previous month, using a 5-point response scale. Items are then reverse-scored, such that higher scores represent better HRQoL. Scores are linearly transformed to a 0-100 scale, with the 4 scale scores computed by dividing the sum of items by the number of items answered. The 3 psychosocial scores (emotional, social, school) also can be combined into a psychosocial summary score. The PedsQL has had use in several studies of populations both without apparent chronic condition and with several specific conditions (eg, cancer (21), congenital heart disease, and arthritis (22)). As examples of results on the PedsQL, using the child self-report, children with any of several chronic conditions have mean total scores of 77.19 (SD 15.53), mean physical scores of 77.36 (SD 20.36), and mean psychosocial scores of 77.10 (SD 15.84). Apparently healthy children have comparable scores of 83.00 (14.79), 84.41 (17.26) , and 82.38 (15.51), respectively (20) . A recent study reported mean total scores of 75.41 (SD 16.01), mean physical scores of 79.21 (SD 16.70), and mean psychosocial scores of 73.39 (SD 17.60) among 80 children with gastrointestinal disorders (10 of whom had IBD) (23) . Parent report scores similarly distinguish children with and without chronic conditions. As a measure of severity of CD, we used the Pediatric Crohn Disease Activity Index (PCDAI) (24) . This measure uses a combination of history, physical examination, and laboratory values to estimate severity of CD. Scores range from 0 to 100, with higher scores reflecting more disease activity. The measure has good reliability, with validity mainly determined by comparison with a global assessment by pediatric gastroenterologists. It also is responsive to clinical change among pediatric patients with CD (25, 26) . We found no comparable measure of disease activity among pediatric patients with UC, and thus the pediatric gastroenterologists in the consortium agreed on a similar measure, based in part on a published activity index for adult UC (27) . Items in the pediatric UC measure developed for this study again included stool frequency, blood in stool, abdominal cramping, temperature elevation from colitis, external manifestations (iritis, uveitis, or arthritis), and sedimentation rate, all scored similarly to the PCDAI or the adult measure. This measure has not had any previous use or validation.
In addition to these summary indices, we asked 4 general questions about the child's clinical status: their assessment of their functional status and general well-being, presence of abdominal pain or blood in the stool (at the time of assessment), and the clinician's global assessment.
Analyses
We initially carried out a confirmatory factor analysis. The confirmatory factor analysis allows us to test the hypothesis that a relationship between the observed variables and their underlying constructs exists and how well the 6-domain model describes the data. Model fit was assessed using the SAS (version 8.2, SAS Institute, Cary, NC) PROC CALIS procedure using covariance structure analysis and the maximum-likelihood estimation method. Five indices were used to determine model fit: the chi-square statistic, in which a nonsignificant chi-square close to zero supports the model (28) , although because the chi-square measure is affected by sample size, a significant chi-square does not necessarily indicate poor fit (29) ; the adjusted goodness-of-fit index and Bentler and Bonett's (29) non-normed fit index, in which each value >0.90 indicates an acceptable fit; Hu and Bentler's (28, 30) comparative fit index, in which a value >0.90 (more recently, >0.95) is considered to reflect acceptable model fit; and the root mean square error of approximation, in which a value of <0.06 indicates an acceptable fit (28), with 0.08 being an upper bound for acceptable fit (31) .
As the results will show, the initial confirmatory factor analysis was unsuccessful. We therefore conducted an exploratory factor analysis on the Impact Questionnaire responses from the children and adolescents with IBD (32). These analyses allow determination of latent constructs underlying the items contained in the Impact Questionnaire, not necessarily following the 6 domains proposed by the questionnaire developers. We retained factors for rotation based on the proportion of variance accounted for. Because we anticipated a relationship among the factors, we performed an oblique rotation. Simple structure was demonstrated, in that the items with high loadings on 1 factor had low loadings on the other factors. We eliminated items that did not meet a minimal loading criterion of 0.30 on any factor. We transformed each factor to a 0-100 scale to make the analyses easier to interpret. One Impact question asks whether the child missed school in the past 2 weeks. Children on vacation did not answer this question, and we imputed a value for this item from the other items loading on the same factor. We next examined the correlations of these factors with the domains of the generic HRQoL measure (PedsQL), using Pearson product moment correlations. We then examined the associations of condition group (CD vs UC), the disease activity measures, and the other clinical variables with the factors of the IBD measure, using Student t test for comparison of means for continuous variables.
RESULTS
Sample
We randomly selected 375 potential subjects from the consortium database, with the expectation of achieving a final sample of 250. Statisticians generally recommend a minimum 5:1 subject to item ratio for factor analysis (32) . With 35 items on the Impact Questionnaire, we would need a minimum sample of 175. Review by site clinicians removed 98 from this list as inactive patients without visits in the previous year. Of the remaining 277, 198 agreed to participate, 77 did not respond to mail or telephone contact, and 2 refused when approached in the clinical setting. In addition to the 198, we enrolled an additional 22 subjects in 2 sites through direct recruitment of consecutive patients meeting eligibility criteria on visits to the IBD program. Respondents and nonrespondents did not differ significantly in age, sex, or condition type (UC or CD), nor did the 22 recruited differ from the other 198. Of the 220 subjects for whom HRQoL and disease severity information were collected, 73% (n = 161) had CD and 27% (n = 59) had UC (Table 1) . Of the participants, 50% were female. Of the parents, 2% reported Hispanic ethnicity. Parent-reported racial data indicated a predominance of white subjects (86%), with 10% African American, 1% Asian American/Pacific Islander, and 2% of mixed, Native American, or undisclosed background. This demographic distribution reflects that of the larger cohort previously reported (18) .
Confirmatory and Exploratory Factor Analyses
The initial confirmatory factor analysis was not successful. The model did not provide an acceptable fit to the data: χ 2 = 94.89, df = 9, P < 0.0001; adjusted goodness of fit index = 0.71; non-normed fit index = 0.84; comparative fit index = 0.90; and root mean square error of approximation = 0.20. We therefore carried out an exploratory factor analysis that, after oblique rotation and elimination of low-loading items, yielded a best fit with 4 factors for the child and adolescent data. These 4 factors accounted for 82% of the variance. We deleted 2 Impact Questionnaire items from the measure because of their low loading on all factors: "feel about test/treatments" and "how condition affects family." Table 2 indicates the 4 factors for the child data, the loading of each item on the 4 factors, and the sources of the items from the original Impact Questionnaire. With the factor analysis, most of the Impact Questionnaire symptom items (IBD and systemic) appeared in the first factor (general well-being and symptoms). Some loaded best in the second factor, although not with high loading-and these items could be interpreted as reflecting feelings or emotions related to IBD symptoms. Highest-loading items for factor 2 mainly included emotional functioning items from the Impact Questionnaire. Impact Questionnaire social functioning items loaded in all 4 factors, although 3 of them appear to form a third factor in these analyses, which we have labeled "social functioning." The fourth factor, body image, aligns closely with the similar items in the Impact Questionnaire. Thus, the present analysis suggests that children and adolescents do not distinguish between systemic and IBD symptoms as categorized in the Impact Questionnaire.
Three of the factors had good internal reliability as indicated by Cronbach α (factor 1, 0.94; 2, 0.91; 3, 0.73). Factor 4, body image, with only 3 items, had borderline acceptable reliability (0.63). Table 3 indicates the factor scores in general and for the 2 condition groups. None of the differences by condition group were statistically significant.
Correlations of IBD-specific Quality of Life Factors With Generic Quality of Life Factors
The study sample had results on the PedsQL between those for apparently healthy populations and general samples with chronic health conditions (20) : mean total score, 80.89 (SD 13.71); mean physical score, 83.49 (SD 16.45); and mean psychosocial score, 79.50 (SD 13.83). We found generally high correlations between the 4 IBD factors and the factors of the PedsQL (Table 4 ). Of interest, the child well-being/symptom factor correlated most highly with the PedsQL health and psychosocial factors; the child emotional-functioning factor correlated most highly with the PedsQL psychosocial and emotional factors; and the child social-interactions factor correlated best with the PedsQL psychosocial and social factors.
Associations of IBD-specific Quality of Life Factors With Severity and Clinical Variables
The PCDAI data were not always collected at the same time as the QoL data, which may have arrived by mail. Of the sample, 90% submitted PCDAI data within 2 weeks of the QoL data, but disease activity could have changed during this period. Table 5 demonstrates that children with higher PCDAI scores or higher scores on the similar UC index had lower QoL. Here, separating the PCDAI into those with scores of 0-10 or >10 showed a substantial difference in mean scores on all scores except the social-interaction factor, with total scale differences of 74.0 vs 63.1 (P = 0.0002). Findings were similar for subjects with UC, despite the lack of a validated severity measure for this condition (total scale, 75.4 vs 66.9, P = 0.05). Table 6 indicates similar findings for the more specific clinical variables, again, with children with more symptoms or worse global assessments having worse QoL.
DISCUSSION
This study provides new information on the factor structure of a measure specifically designed to assess child views of HRQoL in diagnosed IBD. The work adds to the research on the original Impact Questionnaire by adding larger numbers of subjects and the use of factor analysis to examine characteristics of the measure. The initial confirmatory factor analysis did not support the 6 separate domains arising from the previous work mainly through interviews. Instead, our analysis indicates 4 robust factors for children and adolescents, regarding their views of their HRQoL. All of the factors except the body-image factor (with only 3 items) had good reliability. The body-image factor includes the same items as in the originally proposed domains, and has almost the same reliability in this sample as in a previous study (19) ; adding additional body-image items may improve the reliability. Of interest, a recent review of psychosocial functioning in pediatric IBD did not find consistent problems in body image among children with IBD (12) .
The factors' domains seem generally consistent with related domains of a well-researched measure of generic HRQoL for children and adolescents, the PedsQL. Results for the sample on the PedsQL are similar to those recently reported for a smaller (n = 42) population of children and adolescents with inflammatory bowel disease (33) and higher than reported for adolescents with a variety of gastrointestinal disorders (23) . These results help to confirm the validity of the IBD-specific measure. Of interest, Griffiths et al compared the Impact Questionnaire with the Child Health Questionnaire (34) , finding only moderate correlations between the measures (personal communication, Anne Griffiths, MD, December 2001). The differences in our study may reflect better relationships with the new factor structure, or could indicate differences between the PedsQL and the Child Health Questionnaire.
As further validation, this study indicates that the measure discriminates well among children with more and less severe or active disease. Otley et al (17) found significantly lower total Impact scores for children with more severe or active disease. Our work extends that work by showing the association most strongly with well-being and symptom scores and how these clinical variables appear to affect social and psychological functioning. The lack of a validated measure of disease activity in pediatric UC limits this clinical validation, although the consistent pattern with several severity measures supports the use of the Impact Questionnaire.
These findings suggest that children and adolescents do not distinguish among systemic symptoms, bowel-related symptoms, and treatment effects in the way that the original interviews suggested or that clinicians would. In its development over the past few years, the Impact Questionnaire has undergone changes in the allocation of specific items to domains. Other items were added because of their conceptual interest. This study provides stronger support for which items belong together and also indicates 2 items ("feel about test/ treatments" and "how condition affects family") that did not load well on any factor and likely do not add substantially to the utility of the measure in research use. The findings of this study support the use of the questionnaire, based on 4 factors and 33 items, in studies and clinical trials.
The study has several limitations. All of the subjects came from centers in the United States specializing in the care of children and adolescents with IBD and may not generally apply to all young people with IBD, although most children and adolescents with IBD receive some care in similar centers. Having 6 diverse sites likely strengthens the ability to generalize the results. Most households were middle income, and the sample lacked households that were predominantly Spanish-speaking. It also had limited racial diversity. The sample also included relatively small numbers of subjects with UC. Finally, most subjects did not demonstrate evidence of much disease activity at the time of study. In addition, the QoL assessments and disease-activity measures were not necessarily conducted at the same time. The limited numbers of subjects with active disease may have skewed the QoL findings to higher levels than would have been found in a sample with more active disease.
SUMMARY
These findings suggest that the IBD-specific measure has good psychometric properties and can be used in studies of IBD, including an increasing role in clinical trials for IBD in this age population. The analyses support categorization of IBD-related QoL into 4 domains based on 33 items. Further work should examine the stability of the IBD measure over time and its sensitivity to changes in clinical treatment, as well as its application to even larger populations (especially with larger numbers of subjects with UC) and a broader range of clinical severity. Child and adolescent factors and item loading, indicating also original Impact Questionnaire domains for each question Mean factor scores for entire sample (N = 220) and by condition 
